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3- Ultra-high-performance concrete
4- Reactive powder concrete
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2- Densified small particles
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1. Introduction

In recent years, due to the progress in the field of concrete technology, some types of high-performance concrete
and ultra-high-performance concrete have been developed. Reactive powder concrete (RPC), as a new type of ultra-
high-performance concrete, was first patented by a French construction company in 1994. The superior properties of
RPC such as high compressive strength (more than 150 MPa), high packing density, very low permeability and
higher durability are achieved by eliminating the coarse aggregates and substituting them with fine silica sand
aggregates, using high amount of silica fume and low water to cement ratio. Steel fibers are another materials used
in RPC. The results of researches show that fibers have the main effect on the increasing of flexural strength,
ductility and energy absorption, as in some cases, RPC’s flexural strength has been reached up to 40 MPa [1].

2. Methodology

In the present research undertaken at the Concrete Laboratory in Sahand University of Technology, the effects of
three types of fibers have been studied on RPC properties such as compressive strength, flexural strength and
toughness or energy absorption capacity. The used fibers include: 1- carbon fibers are chopped to 7 mm in
laboratory and added at 2.5% of cement by weight; 2- small straight steel fibers (5 mm in length, 0.4 mm in
diameter, 1800 MPa ultimate tensile strength) added at 2.5% by volume; 3- long hooked steel fibers (36 mm in
length, 0.8 mm in diameter, 1200 MPa ultimate tensile strength) added at 2% by volume. Table 1 represents the
RPC compositions (by weight of cement).

Table 1. RPC compositions (by weight of cement)

Materials Cement ?lijlriﬁ: Quartz sand I%\J;(rjtezr Superplasticizer W/C  Fibers Fi/bjlfﬁ/:”
RPC without fibers 1 0.25 11 0.21 0.047 0.23 -
RPC with carbon fibers 1 0.25 11 0.21 0.080 0.23  0.025 1.07
RPC with small steel 1 0.25 11 021 0.050 023 023 25
RPC with hooked steel 1 0.25 11 021 0.051 0.23 0.18 2

fibers
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In addition, the effect of specimen size on the compressive strength was investigated. Two types of mold in
5x5x5 cm and 10x10x10 cm sizes were used. The specimens were heat-cured at 90 °C for 3 days.

3. Results and discussion

The results of compressive strength experiments for specimens with and without fibers are shown in Fig. 1.
Adding carbon fibers has caused the decrease in results. Adding 2.5 vol.% of small steel fibers has increased
compressive strength about 9%. For specimens with 2 vol.% of hooked steel fibers, this ratio has increased to 10%.

Also, as expected, the smaller the size of specimen is, the higher the compressive strength is. The ratio of
compressive strength of the 10 cm cubic specimens to the 5 cm cubic specimens is 89% to 91%. The maximum
compressive strength belongs to 5x5x5 cm cubes with small straight steel fibers.

200
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= 160 - 144 149
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Plain RPC RPC with carbon  RPC with small RPC with hooked
fibers steel fibers steel fibers

Fig. 1. The compressive strength of specimens with and without fibers

Fig. 2 shows the flexural strength of different specimens. Steel fibers, specially hooked fibers, increased flexural
strength more than 3.5 times. The load-deflection curves of specimens obtained from a four-point bending test are
shown in Fig. 3. Also, Fig. 4 presents the amount of energy absorption capacity of specimens. It can be seen from
the figures that the effect of steel fibers, specially hooked fibers, on the amount of energy absorption capacity is
considerable, however, carbon fibers has caused the flexural strength to be slightly decreased (Fig. 2) and improved
slightly the energy absorption capacity.

30
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7
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Fig. 2. Flexural strength of specimens



Leila Meraji et al. / J. Civ. Env. Eng. 46 (2017)

Hooked steel fibers

35
-==-+-=- Small steel fibers
30
—— Carbon fibers
25 A
m—— Without fibers
20

Load (KN)

Deflection (mm)

Fig. 3. Load-deflection curves of specimens obtained from four-point bending test
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Fig. 4. Energy absorption capacity of specimens

4. Conclusions

The results represent that adding steel fibers has significant effect on the compressive and flexural strengths of
RPC. The hooked and small steel fibers increased the compressive strength approximately more than 10% and 9%,
respectively. Also, the effect of steel fibers, especially hooked fibers, on the flexural strength and energy absorption
capacity is more considerable. Carbon fibers has caused the flexural strength to be slightly decreased and improved
slightly the energy absorption capacity.
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